Connexin 43 (Cx43) is a protein expressed in a variety of mammalian tissues. However, the lack of specific blockers and the absence of known genetic mutants have hampered the investigation of the function of this protein. Cx43-null mice die shortly after birth, thus preventing functional studies in vivo. Here, we report the generation and characterization of a vascular endothelial cell-specific deletion of the Cx43 gene (VEC Cx43 KO) in mice by using the loxP͞Cre system. Using homologous recombination, a mouse line was created carrying loxP sites flanking exon 2 of the Cx43 gene (''floxed'' mice). To produce cell specific deletion of the Cx43 gene, these mice were crossed with animals from a line carrying the Tie 2-Cre transgene. The homozygous VEC Cx43 KO mice survived to maturity. However, they were hypotensive and bradycardic when compared with heterozygous VEC Cx43 KO mice, or to the floxed Cx43 gene mice. The hypotension was associated with marked elevation of plasma nitric oxide (NO) levels as well as elevated plasma angiotensin (Ang) I and II. We hypothesize that endothelial cell Cx43 plays a key role in the formation and͞or action of NO, and that the elevation of Ang II is a secondary event. The specific cellular basis for the hypotension remains to be established, but our findings support the idea that endothelial Cx43 gap junctions are involved in maintaining normal vascular function; moreover, these animals provide the opportunity to determine more clearly the role of endothelial Cx43 in vascular development and homeostasis.
G
ap junctions have been found in almost all mammalian tissues, with the exception of circulating red blood cells and adult skeletal muscle. In many organs, such as the heart, they play key roles in coordinating cellular function, by providing a pathway for passage of electrical and͞or second messenger signals from one cell to another (1) . Four connexins-Cx37, -40, -43, and -45-are expressed in the cardiovascular system (2) . Cardiac muscle cells express Cx43 and -40, vascular smooth muscle (VSM) cells express Cx40, -43, and -45, and endothelial cells express all but Cx45 (3) . The common presence of connexins in the vasculature has led to the speculation that gap junctional communication may play a key role in other aspects of cardiovascular function. Correlative studies have shown that changes in Cx43 expression are associated with hypertension (4, 5) , postischemic damage (6) , and the development of atherosclerosis (7) . However, causal relationships linking the pathologies with connexin function have yet to be established. The lack of specific blockers or well defined animal models has precluded a clear demonstration of the specific role that these molecules may play in vascular function.
A knockout strategy would be an attractive approach to study gap junctional function in the vasculature, but knockout of Cx43 is lethal in early postnatal life (8) . Moreover, knockout of Cx40 results in only slight alterations in vasomotor conduction and a modest elevation of blood pressure (9) , and Cx37 knockout animals have yet to manifest any vascular phenotype (10) . These facts led us to attempt to overcome the disadvantages of a global gene deletion and associated developmental defects or premature death, by producing cell-specific deletions by using the Cre͞loxP recombination system (11) . The structures of the 14 different connexin genes identified to date are quite similar, consisting of two exons separated by a long intron. All of the protein coding information resides in the second exon (12, 13) . Based on this information, we created a mouse line in which exon 2 of Cx43 was flanked by loxP sites. Cell-specific gene knockout was then achieved by breeding these animals with a line of mice carrying the Tie 2 promoter-enhancer driving the Cre gene. The Tie 2 promoter has been shown to be highly specific for endothelium (14) . This approach yielded an animal with the gene deletion restricted to those cells in which Cre recombinase was expressed. Here, we report the generation and characterization of the resultant vascular endothelial cell-specific Cx43 knockout (VEC Cx43 KO) mice.
Materials and Methods

Production of Targeted Embryonic Stem Cells and the Floxed Cx43
Gene Mice. The Cre recombinase encoded by the phage P1 is a 38-kDa protein that efficiently catalyzes deletion of a segment of DNA bounded by two 34-bp nucleotide sequences termed loxP sites (15) . Cre recombinase deletes the DNA segment bounded by the loxP sites and recombines the two ends of the DNA strand (16, 17) . To produce selective deletion of the 2nd exon of Cx43, we used the targeting construct shown in Fig. 1 . The construct contains a DNA sequence homologous for the 2nd exon of Cx43, three loxP sites, a neomycin͞thymidine kinase cassette (neo͞ TK), and the gene for diphtheria toxin (DTA). The neo͞TK and DTA were used as selection markers. The construct was 14 kb in length, and the 5Ј and 3Ј homologous sequences for targeting were 2 and 1.2 kb, respectively. Embryonic stem cells (ES cells, AB2.2-prime, Lexicon Genetics, Woodlands, TX) were transfected with the linearized targeting construct, and subjected to G418 selection (400 g͞ml, GIBCO͞BRL) for 10 days to identify cells that had internalized the construct. Cells that retained the DTA (i.e., had not undergone homologous recombination at the 3Ј end) did not survive. The remaining clones were screened for homologous recombination by using two sets of PCR primers, YL30͞YL34 and YL35͞YL16, to detect 5 Ј and 3 Ј recombination events, respectively (see Fig. 1 ). The PCRpositive clones were then confirmed by Southern blot by using a 340-bp HaeIII-AccI fragment of the Cx43 intron sequence as a probe (Probe A, Fig. 1 ). To eliminate potential deleterious effects of the selection marker genes, we excised the neo͞TK fragments from those ES cell clones with confirmed homologous recombination. Excision was accomplished by transfection with supercoiled Cre-encoding plasmid, and then the cells were subjected to gancyclovir selection for 7 days (1 ϫ 10 6 M). The treatment produced resistant clones of two types, as shown in the Lower section of Fig. 1 . We identified three of the desired type II deletion ES cell clones by PCR screens, and these were injected into C57BL͞6 blastocysts; two yielded chimeric mice. The chimeric mice were backcrossed to C57BL͞6 mice to produce heterozygous and homozygous floxed Cx43 gene mice.
Immunohistochemistry. Mice were anesthetized and perfused with 2% paraformaldehyde through the left ventricle; the hearts and aortas were removed and subjected to 2 h of post-fixation. One set of cardiac samples was frozen, embedded in OCT (Sakura Finetek, Torrance, CA) and sectioned (12-m thickness). A second set of hearts and the aortas were embedded in paraffin, sectioned (6 m), and deparaffinized by standard procedures. Sections were placed on charge-coated slides, washed three times in PBS, placed in blocking͞permeabilization solution (2% BSA͞4% normal goat serum͞0.02% Triton X-100 in PBS) for 1 h and then incubated with rabbit anti-Cx43 (1:500 dilution in PBS; Chemicon) overnight at 4°C. The slides were then washed three times with PBS and incubated with Cy 5-labeled goat anti-rabbit secondary antibody (Molecular Probes) for 1 h at room temperature. The immunoreactivity was examined by using the Olympus (New Hyde Park, NY) Fluoview confocal microscope.
Southern Blot-Confirmation of Gene Deletion. Endothelium comprises only a small fraction of the vessel wall, and, to establish the extent of deletion, we used endothelial cells that were isolated from mouse lungs of floxed Cx43 and VEC Cx43 KO mice (18) . Endothelial cells were cultured on Matrigel (BD Biosciences, Franklin Lakes, NJ) coated plates and incubated in DMEM-F12 medium (GIBCO͞BRL) supplemented with 15% FBS, 100 units͞ml of penicillin, 100 g͞ml of streptomycin, 90 units͞ml of heparin, 10 g͞ml of mouse epidermal growth factor (EGF), and 150 g͞ml of endomitogen (Biological Technologies, Stoughton, MA). Endothelial cells were confirmed by positive staining with platelet-endothelial cell adhesion molecule (PECAM) antibody (Santa Cruz Biotechnology). Genomic DNA extracted from the primary cultured lung endothelial cells was used for Southern blot analysis by using Probe A (see Fig. 1 ).
Western Blot-Assay of Protein Production. Tissue samples were homogenized in lysis buffer. Approximately 20 g of protein for each were separated by 12% SDS͞PAGE, transferred to a nitrocellulose filter, and incubated with rabbit anti-Cx43 (1:300 dilution). Samples were treated with peroxidase-conjugated secondary antibody (1:1000 dilution), and immunoreactivity was detected by using the ECL chemiluminescent detection kit according to the manufacturer's specifications (Amersham Pharmacia). The intensity of the resulting bands was quantified by densitometry.
Measurement of Blood Pressure and Heart Rate. As a first screen for a cardiovascular phenotype, mean systolic blood pressure (MSBP) and heart rate were obtained from tail cuff measurements on 11-to 16-wk-old mice by using the Visitech System (Physiological Research Instruments, Apex, NC). Mice were grouped based on genotypes (floxed, heterozygous, and homozygous VEC Cx43 KO); each group contained 10 to 12 mice. The measurements were conducted in a dark, warm, and quiet environment. Two to four records were collected for each mouse on each day, and these procedures were repeated three to four times on different days. At least six measurements were collected for each mouse. Data were pooled to obtain a single mean value for each mouse.
Nitric-Oxide Synthase (NOS) Activity and Plasma NO (Nitrite͞Nitrate)
Concentration. Prior work from this lab has shown that gap junctional communication in the arterioles can modify NO synthesis (19) . We therefore estimated NO production by measuring plasma nitrite and nitrate concentration. Mice (11 to 20 wk old) were anesthetized by pentobarbital sodium (80 mg͞kg), and blood samples were withdrawn by cardiac puncture by using EDTA to prevent coagulation. One hundred microliters of plasma was deproteinized by adding 2 vol. of cold ethanol and centrifuged at 13,000 rpm for 30 min. The supernatant was transferred to a new 1.5-ml tube. After reduction of NO x to NO by VCl 3 according to the manufacture's protocol, a 50-l aliquot was used for the measurement of the nitrite and nitrate concentration with the NO analyzer (NO A280, Sievers, Boulder, CO).
Measurement of Plasma Ang I and Ang II Levels. The VSM and endothelium of the afferent arterioles are extensively connected by gap junctions, and this is a site of very dense gap junctional plaque formation (20) . We therefore assessed plasma Ang I and II concentration. Samples were transferred into ice-cold 1.5-ml tubes, and spun at 12,000 rpm for 10 min at 4°C. Twelve microliters of ice-cold plasma containing 25 mM EDTA was used for RIA of Ang I (estimate of plasma renin activity). Two hundred fifty microliters of plasma containing 25 mM EDTA, 0.44 mM o-phenanthroline, 1 mM p-hydroxy-mercuribenzoic acid, and 0.12 mM pepstatin A was used for measurement of Ang II concentration by using a RIA kit (SPI Bio, Paris). Duplicate measurements were conducted for each sample, and the average values were used for statistical analysis.
Statistics. All values are expressed as mean Ϯ SEM. One-way ANOVA was used for statistical analysis of group comparisons. P Ͻ 0.05 was considered as significant.
Results
Generation and Characterization of Floxed Cx43
Gene Mice. The neo-resistant ES cell clones were tested for 5Ј and 3Ј homologous recombination by using the PCR pairs YL30͞YL34 and YL35͞ YL16, respectively. As shown in Fig. 1 , the sense primer YL30 is upstream of the Cx43 exon 2 but located outside the targeting construct, and the antisense primer YL34 is located downstream of the first loxP site. This PCR pair produces a 2.2-kb band from the native allele and a 2.3-kb band as a result of the 5Ј-homologous recombination. No PCR product would be generated from the targeting construct because of the lack of the sense primer. Thus, the clones in which 5Ј-homologous recombination occurred would show double-bands of 2.2 kb and 2.3 kb (Fig. 2A) . Similarly, at the 3Ј-end, the sense primer YL35 is located in the neo gene, and the antisense primer YL16 is located downstream of the Cx43 exon 2 but not present in the targeting construct. Therefore, clones bearing a homologous recombination at the 3Ј-end produce a 1.4-kb band (Fig. 2B ). Candidate clones identified by PCR analysis were confirmed by Southern blot analysis by using Probe A. After digestion by StuI, the homologous recombination clones were predicted to give a 7.8-kb band in addition to a 14-kb band from the native allele (Fig. 2C) . A total of 456 neo-resistant ES cell clones were obtained and characterized, and 6 clones were confirmed to have undergone expected homologous recombination, representing a targeting frequency of 1 in 76 neo-resistant clones.
Three PCR primer sets (for locations, see Fig. 1 ) were used to confirm the type II deletion (Fig. 2 D, E, and F) . A total of 300 gancyclovir-resistant clones were characterized, and 34 clones showed type II deletion, indicating approximately a 1:10 ratio of type II-type I recombination, a frequency of type II deletion similar to that reported previously (21) .
Expression of Cx43 Gene in Floxed Cx43
Gene Mice Is Unaltered. To achieve cell specific and͞or conditional gene knockout, it is critical that the insertions of loxP sites not interfere with expression of the floxed gene and normal protein production. Six months of inbreeding of heterozygous mice for the floxed Cx43 gene yielded 103 pups-27 wild-type (23.5%), 65 heterozygous (56.5%), and 23 homozygous (20%)-which is close to the Mendelian ratio. Survival, Mendelian breeding patterns, and an apparently normal phenotype of mice homozygous for the floxed Cx43 gene are all indications of normal gene expression in the presence of loxP sites. We also used immunohistochemistry and Western blot analysis to assess the levels of Cx43 gene expression in heart tissue from floxed gene mice and wild-type mice. Results showed that the expression level and cellular distribution of the Cx43 gene in hearts of heterozygous or homozygous floxed Cx43 gene mice were unchanged, as compared with those of wild-type mice (Fig. 3) .
Generation of VEC Cx43 KO Mice. To accomplish the endothelial specific Cx43 gene deletion, mice carrying a transgene in which the Tie 2 promoter-enhancer was used regulate Cre expression selectively in endothelial cells (see below for discussion of specificity). To identify the correct genotypes at each mating step, three PCR primer sets-Cre-PCR (Cre SP: AGGTGTA-GAGAAGGCACTTAGC and Cre ASP: CTAATCGCCATCT-TCCAGCAGG), YL18͞YL34, and YL45͞YL46-were used to detect the Cre gene and the loxP sites.
Deletion of the Cx43 Gene Is Efficient and Restricted to the Vasculature. To assess the specificity of the deletion of the Cx43 gene, genomic DNA samples were isolated from white blood cells, tail, aorta, brain gray matter, and brain vessels of mice homozygous for the VEC Cx43 KO. Equal amounts of DNA (100 ng) from each sample were used for PCR analysis by using primer set YL49͞YL50, which was designed to amplify a 686-bp fragment from the deleted Cx43 allele (see Fig. 1 ). As shown in Fig. 4A , the intensity of the 686-bp deletion band was proportional to the richness of the endothelium in the tissue and was highest in DNA from brain vessels, second in aorta, and not detectable in samples from white cells and brain gray matter.
Southern blot was used to assess the efficiency of Cx43 deletion in cultured lung endothelial cells. After EcoRI diges- tion, Probe A hybridized with an 8-kb and a 5-kb band from the floxed and deleted Cx43 allele, respectively. As show in Fig. 4B , in VEC Cx43 KO mice, Ϸ80% of the Cx43 gene was deleted in the lung endothelial cells and the deletion of Cx43 gene was detectable in aorta, whereas no deletion of Cx43 gene was observed in DNA preparations from brain gray matter. After removal of the endothelium, no deletion band could be detected in DNA samples of aortas from VEC Cx43 KO mice (Fig. 4B , AA Ϫ ). The deletion band was never detected in samples from the floxed Cx43 gene mice.
Further confirmation of the efficacy of the deletion was confirmed by immunohistochemistry of aortic sections, which showed virtual elimination of Cx43 immunostaining in endothelium of VEC Cx43 KO mice as compared with that of floxed Cx43 gene mice. A remarkable finding in these experiments however, was that the Cx43 immunostaining was also significantly reduced in the VSM of the VEC Cx43 KO mice (Fig. 4C ).
Hypotension and Bradycardia in Homozygous VEC Cx43 KO Mice.
Obviously, the endothelium plays a critical role in the regulation of cardiovascular function. A possible involvement of gap junctional communication in maintaining the vessel tone and blood pressure is suggested by recent work on the Cx40-null mice (9) .
Moreover, in previous work, this laboratory has shown that endothelial cell NO synthesis in the arterioles is at least in part determined by interchange of calcium between VSM and endothelium (19) . Therefore, MSBP and heart rate were obtained from tail cuff measurements (Fig. 5) , and statistical analysis showed that both were significantly lower in homozygous VEC Cx43 KO mice than in floxed Cx43 gene mice or heterozygous VEC Cx43 KO mice.
We were concerned that the hypotension in the VEC Cx43 KO mice might have been related to strain differences because the stem cells were derived from 129Sv strain and the blastocysts were obtained from the C57BL͞6 strain. Therefore, we also measured the blood pressure and heart rate in these two strains as well as the Tie 2-Cre transgenic animal (BL6͞SJL strain). Blood pressures were 106 Ϯ 4, 102 Ϯ 3, and 108 Ϯ 4 for the 129Sv, C57BL͞6, and Tie 2-Cre transgenic mice, respectively, and none of the pressures or heart rates were significantly different from the data from the homozygous floxed allele animals.
Changes of Plasma NO, Ang I, and Ang II Concentration in VEC Cx43 KO Mice. To investigate the causes of the reduced blood pressure in the VEC Cx43 KO animals, we measured plasma levels of NO and of Ang I and II concentrations, two central regulators of blood pressure. NO has a short half-life (T 1/2 is a few seconds to a minute), and it is rapidly oxidized to the stable, inactive end products, nitrite and nitrate (NO 2 Ϫ and NO 3 Ϫ ). We estimated the NO concentration by measuring the sum of the plasma concentrations of nitrite and nitrate. Fig. 6 shows that the plasma NO concentrations were markedly increased in both heterozygous and homozygous VEC Cx43 KO mice, as compared with the floxed Cx43 mice. Unexpectedly, both plasma Ang I and Ang II concentration were also markedly increased after endothelial Cx43 gene deletion (Fig. 7) .
Discussion
Alterations in Blood Pressure in the VEC Cx43 KO Mice. Correlation between Cx43 and blood pressure has previously been noted, in the case of hypertension (22) and elasticity of the vascular wall (23) . However, the finding of hypotension in the VEC Cx43 KO mice was unexpected, especially in view of the fact that Cx40 knockout mice demonstrate hypertension (9). As shown above, the change in blood pressure may be quite complex, with alterations in both circulating dilators and constrictors. Our working hypothesis is that the initial event is an elevation in NO synthesis and a compensatory elevation in Ang II. The cellular basis for the initial event remains to be established, however. Also, it is important to note that, at this time, an unknown developmental change cannot be distinguished from an ongoing failure in gap junctional communication as a cause for the hypotension.
Elevated Plasma NO Concentration May Be a Primary Effect of
Deletion of Cx43 Gene in Endothelium. The plasma concentration of NO derivatives increased almost 50% in the VEC Cx43 KO animals as compared with the floxed Cx43 gene control mice (Fig. 6) . Because plasma NO is mainly generated by endothelial NOS (eNOS), it is most likely that the plasma NO concentration is the result of a change in eNOS activity rather than inducible or neuronal NOS (24, 25) .
Recent evidence from our laboratory shows the potential for a strong association between myoendothelial junctions and the formation of NO in the endothelium (19) . We have shown that gap junctional communication provides a structural basis for coordinated vasoconstriction or vasodilation, and for extensive cross-talk between cells of vascular wall. Moreover, molecular signaling between endothelium and VSM cells can be achieved through myoendothelial junctions, and we now recognize that VSM cells and endothelium share cytoplasmic Ca 2ϩ pools via gap junctions (19) . Thus, NO synthesis is, at least under some circumstances, dependent on gap junctional exchange between VSM and endothelium (19) . Therefore, we hypothesize that the hypotension observed in homozygous VEC Cx43 KO mice may have resulted in an elevation of endothelial cell calcium as a result of deletion of Cx43 in either the myoendothelial junctions or the homocellular endothelial cell junctions.
Elevation of Plasma Ang I and II. Our results showed that the plasma Ang I and II levels in homozygous VEC Cx43 KO mice were doubled as compared with the floxed Cx43 gene control mice (Fig. 7) . It seems most likely that the elevated Ang II may be a compensatory response to an initial blood pressure drop induced by NO. We note, however, that Cx43 might be more directly involved in the control of renin secretion from the juxtaglomerular apparatus (JGA) because Cx43 proteins are extremely abundant in kidney (26, 27) , where gap junctional communication is extensive, including connections between VSM and endothelium (20) . Thus, the deletion of Cx43 in the endothelium might inhibit the communication between endothelium and JGA and result in an altered secretion of renin.
Observations on Bradycardia in VEC Cx43 KO Mice. Obviously, the bradycardia was unexpected and the mechanism is unknown. This is an important observation, however, because bradycardia causes a decrease in cardiac output and consequently could contribute to the hypotensive phenotype. It is possible that the bradycardia is secondary to the complex, multifactorial cardiovascular adaptations that are obviously occurring. An alternative explanation, however, is suggested by the fact that the Tie 2 promoter is also active in the endocardium. This acitivity of Tie 2 promoter is clearly demonstrable by observing the tissues of Tie 2-enhanced green fluorescent protein (EGFP) transgenic mice (28), and is not unexpected because the endocardium has the same embryonic origin as vascular endothelium. One can speculate that the endocardium might participate in the electrical conduction of the heart, and that the bradycardia is in some way associated with the deletion of Cx43 gene in the endocardium.
Specificity in Cre Recombinase Deletions.
A serious concern with any Cre recombinase-based knockout approach is the selectivity of the deletion, especially because the production of Cre recombinase, even during a very brief period at any stage of life, has the potential to permanently delete a floxed gene (29) . At present, it is very difficult to examine the distribution of the Cre protein directly, because no satisfactory Cre antibody has been produced that functions adequately in mouse tissues. One must therefore resort to indirect strategies to determine Cre expression. Motoike et al. have reported that the expression of the indicator protein EGFP, under control of the Tie 2 promoter, is restricted to endothelium over a wide range of developmental stages (28) . We have also exhaustively examined the distribution of GFP under the control of the Tie 2 promoter in the adult mice (unpublished results). We found it only in the endothelium and in the endocardium.
In addition, we have evaluated the specificity of Cre expression by using a so-called ''indicator mouse'' carrying a transgene for LacZ, driven by a promoter whose activity is blocked by a loxP-flanked stop codon (CAG-CAT-Z; ref. 30 ). In the presence of Cre recombinase, the CAT element is deleted, which allows expression of LacZ. A cross of the Tie 2-Cre mouse with the CAG-CAT-Z mouse has been reported to result in selective LacZ staining in the endothelium (31), and we have confirmed this finding by using the mouse line that produced the endothelial cell specific deletion. Thus, we feel that the likelihood is high that the effects of the genetic manipulations that we have accomplished are due to selective deletion of Cx43 in the endothelium.
In addition to high selectivity, the Cre-based approach is quite effective. Based on the Southern blot shown in Fig. 4B , we estimate the efficacy of the deletion to be 80-90%. The wild-type DNA that remains might reflect several sources. It may be that Cre was not adequately expressed in a subset of the population. Alternatively, Cre might delete only a single copy of the floxed gene because of low levels of expression or to unidentified cellular differences. Finally, it might be due to a contaminant cell type other than endothelial cells.
Examination of Fig. 4C shows that immunostaining in VSM is reduced, as well as that in the endothelium. This was a consistent observation in several animals examined. This reduction is not due to Cre reaching the smooth muscle, however, because no Cx43 deletion band was observed in VEC Cx43 KO aortas after the endothelial cells were removed (Fig. 4B, lane AA   Ϫ ). Thus, the reduction in Cx43 in the smooth muscle is the result of altered transcription or translation, but not the absence of the gene. Recently, Nelles et al. reported an effect that may explain the alteration of Cx43 in VSM with deletion in the endothelium. They found that deletion of Cx32 in the liver caused a reduction of Cx26, and they suggested that the connexins might be coordinately regulated (32) . We therefore hypothesize that a similar regulatory process might occur between the VSM and the endothelium, such that the pools of Cx43 in the two cells are coordinated, most likely via the myoendothelial junctions.
Potential Impact of the Floxed Cx43 Gene Mice. Cx43 gap junctional communication is widely distributed in many different cell types and may be involved in many biological events, such as coordination of the contraction of cardiac and VSM cells (33) , control of cell growth (6, 34) , carcinogenesis, transmission of neuronal signals at electronic synapses, and coordination of developmental events between pancreatic epithelia cells and between cells during embryogenesis (35, 36) . The floxed Cx43 gene mouse can be used with any transgenic animal possessing a cell-specific promoter driving the production of Cre recombinase. The availability of these floxed Cx43 gene mice, combined with a large number of tissue-specific Cre mice will provide a unique opportunity to study the function of Cx43 gap junction in diverse cell lineages.
In summary, our initial observations show that the VEC Cx43 KO mice produce a complex phenotype that has profound implications for our understanding of cardiovascular function. The simplest interpretation of the data is that deletion of Cx43 gap junctions in the endothelium causes a primary rise in NO that tends to lower the blood pressure and that the Ang II levels are elevated as a secondary event. We do not yet know how NO synthesis is connected to endothelial cell gap junctional function. Other possibilities, such as alteration in sympathetic͞ parasympathetic nerve activities, changes in peripheral resistance, and impairment of the baroreflex system, might also explain the hypotensive and bradycardic phenotype in VEC Cx43 KO mice. As the cellular and molecular basis for these changes is investigated, the importance of Cx43 to cardiovascular function should be clarified.
